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(57) Abstract 

Cyclic tetrapeptide derivatives represented by general formula (I) or pharmaceutically acceptable salts thereof: (wherein R21 and Rjj 
are each independently hydrogen, linear d-Cc alkyl to which a nonaromatic cycloalkyi group or an optionally substituted aromatic ring may 
be bonded, or branched C3<:6 alkyl to which a nonaromatic cycloalkyi group or an optionally substituted aromatic ring may be bonded; and 
Ri and R3 arc each independently linear C1-C5 alkylene which may have a d-Q side chain, and the side chain may form a fused ring 
structure on the alkylene chain). Histone dcacetylase inhibitors. MHC class I molecule development promotors and drug compositions, 
containing as the active ingredient the above tetrapeptide derivatives or pharmaceutically acceptable salts thereof. 
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Ltz^m. ^U¥^mt%m^^fzlb(OtiiWitkm^'?-hLXmZ class-I^^% 

^<D^Jia^ffi{r%3^UTV^-5. ^^mt. MHC class-I^??:MJ1-5C J; 

i/*^u«c*^*f>. ^)Sa©^«BJia&5v^{±^s^b'>1';^7.gi^^fflJ[lS{I^^v^T{i, 

Jia®jiJaSttW$iJ?:B«Ii:L;^ciF^{lfeH>-C, f£TU/cMHC class-I^^©fg 
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^^UTV'S (Tanaka, K., Isselbacher, K.J., Khoury, G. , and Jay, G, 
Science 228, 26-30, 1985; Tanaka, K., Corel ik, E., Watanabe, M. , 
Hozumi. N.. and Jay, G. Mol. Cell. Biol. 8, 1857-1861, 1988#t#M) . 

tz^x\ MHO class- i^?©fgm<i, "to^^mmmmommmMW:. . - 

i^m-r?>ztx\ MHO class- i^^©f§i^t.iEjt$nscii*5,^^$ns, 

\nm^m&K(Dmm^mmLx\.^^mmit^'Di)^h?>i}K m^^mmizmw^i 

***?g^^nTv^6. IP*,. ^'Pvf^>o^iitgeM-f*>Sli7> h>i:-?-(D7-tr 

^>'Hk(i. m^i^mBi^(D±mzRstcox'$)6izt^t>h-r. "tomm^ 
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X h >*^f5(DB5i7-tr5^;Wk*^'^P$!)^ tiSISm. bT. h >iiE7-fe5^;Wk*^*?l 
>A (trichostatin A) ^0 2 (I^-f h 7v-H^r'>> (trapoxin) Wk.^^^^^'' 

bMb^!|a©K-trap^ ffi v^/c 7 "7 ^ 7 A-CHM^ n/c t CD$g^*^' 

^ $ tvT U , h 7 /-H ^ {I m ^ ns h 7 7^5^ H mii*^ ^ ^i^^ 

class- I5i-?f§m{->ttL/'Ct(Sjif^ffl?:;^i-Rrtgtt****6ta)©. wn^T-© 
MHC c lass - l^^f^i^{I?*-r -5 {SJi^^ffl ^1" H 7. h Vx 7 -t ^ 7 — tf^^lfi 

*i:U-Cii5iia^*^*jecSfPffl'S:5^-ro-e, MHC class-I^^fimiSiit^^^, 
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^i'^mt^^btz^'^mjitfimwm^^t. if^i^MHc class- i^^p^m^sit 

n^X. SEMi^iffflMT'OMHC class- l^^^mJI^ft-SilSiii'^ 

ffi 1 7. h > X 7 7 --k*fiE5gia#!KlM 5: Sl«^-r -5 C i: @ W i: 

-as^ ( I ) , (I'), u") 5nt ii'") xm-^n^m^T- 
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C i: t, ^ S L T t J: V ^^^IK 3 ~ 6 O^lKcD T ^ b , 

(I'") {CfcV^-Cti. R„. R,2, R2,:RtfR22©ij>^C< ilt, 1 OJii/^^D'^^r^/^U 

^ ^^J5!t4^ i: L T 1- €. 11 7. h > -rT -tr 5^ 7 --If PISSI « J: tB4HC 
c 1 ass - 1 ^h^fgmiSiilPJ 'S: M^-r <S , 
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US-re, 

^mm3'^6(0'»m(07jv^/\^&tb-ztt. ^i^jvm. x^;us. z^ny^jvm. 
zf^jvm. ^^-^jvm. -^yzfu^jm, ^v-^^jv^. tert- 

»i:U-C<i, S/^D7'Dif;i/S, ^y^^ny^ju^, :i/i7P/^>^;i/S. s^^d 
'irh^mWL\--^(r>m.mtt:i\t^i$.<o7)\^^)vmthxit. 4-p{ 

(I) - (!•") (D<b^^{IfcV>T, R„ RzJitfRaJi, ^tV^'^aM 
UT, |l±(li^^lS 1 - 6 U-C J: v>m^j^«IS 1 ~ 5 0%9^7 
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2A-\^^)V=^vy. 3.4-t:*iiy-i/>, 2,3-t:*7i^*-U>, 4,5-t:*U 

IP*>. ^^C©-J|8^ (II) : 



OH (II) 

-fiS5^ (III) : 



tl^a-7^^m. -flg^ (IV) : 





(HI) 




7 



wo 00/52033 PCT/JPOO/01 141 

ygf, (V) : 




"c^^ns a -7? y znh~M^ (ii) ~ (v) -e^$ti6 4acDa- 
^^ns^H^T^h^^y^^ Kil^i*:(ifcv^Tii. -ss:^ (ii) (07^^^©^ 

tiS^^^xh^'^V^K^^ft^ti, -m^ (I) T— 12^ (III) {iffl^-tStt 
M*^ a j^^ % ^t»3gi|^{Wm ^-r S a -7 5 if i: o T v> 5 , 
^/c-M^ d") -e^^nss^^xh^^yf^KSI^^ti-jlSa^ (I) T'CD 

-19^ (II) (III) izi(^^t6iiLm.*^^^-rnt amm^^ijmmmm^ 

-la^d'") nhmmmt-m^ (o t?©-flg:^ (in ^^t; 
(III) izm^t^&.m^^^-rtit.amm-k^vm^mm^^-rhr^jmx 

a^m^^timmnm^^t^ a-7 ^ >^mi}^'»mi:^b^ji\^^m^im 

^fi*J(I^SttT'*)S3&»\ ^<Dm^lt-m^ (III) l^fzlt (IV) CD75>'e© 
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j:u^*u<(is mm4m(D7^ ^mo^-h. (iv) -cvi^^nstcD^. d 
(V) ym<Dmm^j]^t^^i^jvmi)^hmm-^n6\i\^n^'\)-Am 

(IV) ©?SH^7 5>'il{i, ifE©-l9!ii (V) <DT^JWHZ^m-r^mm\i 

\iujf-vAmmm(oiFi<:B\^^mz't^m. ±izmmt?>, (iv) om 
m^t^ -mom^iii. -^^ d y > ^ t-t -5 h u ^ 5^ i/ n*'^ u ->* > - 2 - 

if*Lv\ wtif>nfiffi©j^<l:7j<^a{i*jv^T. 7 5 >'M^l^.i=^Mt/ 

(I >iE© a ffi©J^^^? i: i^^ J^fiJc U T V ^S , fiifi©a{I *5 \i S 

9 
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i/i^D/\4ri^;W77->. Xt)'a'«?(D33!l-9-'rX'S::t"tSS!l^^7 5 y:^;!//-^ 

*^BJ(D-^^ (I') (D^5Kxh^^y5^KM^{^{i, (I) 
^y- V ^^^^ Kil»{t:{r*JltS a)^^$:#t?^Jt^^jt?:*-r-6 a-7 ^ ^ 

v^T, »*Uv>-j|a^(II)~ (V) ©7 5>'K©^5?li. -12^ (I') <D« 

^(II)~ (V) ©7 5 ySe©55:^!jiBBM{lMbT=fc, -M^(IV)©^:i^a-7 5 
>'KMa*{w-|g^(II)(Da-7 5 >'B?«:D-i4^{CjiS?U. W)<0 2n(0a-T 

(I) 0^m^'rV'7^^^YmmW^Z^\-i^-^^ (no {l^1-a-7 5y 
aj^^«:^iL»^Jl^*f)t'S:#-r€>a75ySi(l^5EU;^cife©T'*S. tJ£o-C. 

-M^(ii)~(iv)075>'K©SJR{i, -IK^ (I) o^^T-Vy^r/'f-m 
ll^*:{rfcH^T^QP*Uv^-JlS^(II)©7 5>'i^oig»^{i, -Sa^ (I") ©^5|^ 

*^BJ©-^^ (I'") <Dm^'rV'7^-:f^YmmW\t. 
(I) ©^H^xh7^y5^K^^f4iC*5{:t-5-^^ (II) ^z.^-ta-r^JWL 
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(iii)©7 5 yisoiijRfi. -is^ (I") om^7-h'7^zfi-\immmzii 

*|gBJi©3§^x h T'^y^ - H.-«S^( 1 1 )~(.V) {1^1-48(35 

fflv>s::i:*s-et5*i, MTOMT-Ji, -m.-^ (IV) T-^$ns^5Ka-7 

»^^vs/';i/X7.x;HbU-c{S^U/i-«S;^ (V) ©7^ y iJ^r^^UTM*^ 

J£cfc\ C:©^ig{wt^V^T, li)l^7 5 yK©7 5 y^SSdliBoc-S (tert- 
^/c, Z-S(i@^^4'Pd-C®ji{lJ:oT^fi!ll3l7f;6*J«:|^*U. TO?: 
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tert-yf-;l/X7>x;l/0|^* (ffii^S) «:fT-5. fi/S^*^ t> h U 7 

(VIII) T'^^nS^yf^K^ffli^^jiCDl/IOS^rDMFtl-^jlf UO. ImM 

y^^DHVl'X^^VT^ VJ^t/HATU (0-(7-Azabenzotriazol- 1 -yl)-l, 
1, 3, 3-tetramethyIuronium hexaf luorophosphate) 'feiUx., ^imT'SO^F^ 

mflits. BuiBODMFMci. -Wl^ (VIII) -e^^n^^yf-K 

^i&ffl^^l:©i/io»i:t/*i'y7'ab°;i/xf-;i/75 >:&tfHATU?:jiJaL, Sia-c 

(x^3) mmy^Yu^^i^mm'M(r)mx 

■CBOPE^^r^iPL 1 Bt^Jf^^l^U/c, SJSil^Tm, DMF'SrSiU. 7KT-T:^>-f 

J«^|gJi{lJ:U-^5^ (I) T'^$ti6i6*ltl5:#-5. 
*|gBJ©-jl9:^ (D , d") , d'") -Qm^nhn^TVy^^^Y 
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^^mom^Mi^it. mmomc class- i^^mMi^m^m^mmLxfh 
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(Omm^O. 1 ~5 Omg/k g©fgB, ^f^L<li. 0. 5~10mg/k 



mmm 

^•/^}^mmi^(D^-t^^ntz^mr^^. bp*,, mhc class- i^^^mfsii 

Aib:2-T5 VBSK, Asu(NH0H):2-7 5 y-S-t Kn^-^-^ K^i^^ i5? VHK, 
kcc5A-7^ ^ i/'^U^y'$iy-l-:t!JVt^>m. Acc6: 1-7 5 y i>^^D/s:;!r-tl-> 
-l-;<7;U/K>St, Acc7: 1-7 5 y t/^ O^^^ >-l-*;U.i<>ie, Acc8: 1-7 5 
y U^i; ^ >-l-*;W-K>B?. lAin:l-7 5 ^ ^' >^>-l-tiJVji<>Wc. 
2Ain: 2-7 5 ^ -f >^>-2-;^;;l/7j<>K. Pip: f'^n U >SE, Cha:7 5>">i' 
□ ^=^->;l/7 7 — > 
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(#^0!J1) CHAP-15; cyclo ( -L-Asu(NHOH)-Aib-L-Phe-D-Pro- )(D'^^ 



XSl Z-L-Phe-D-Pro-OtBu 

Z-L-Phe-OH ( 2.25 g, 7.5 nunol ), H-D-Pro-OtBu ( 0.862 g, 5.0 mmol ) 
$:DMF ( 10 mL ) {Ij#g?L, ^?^THOBt H^O ( 766 mg, 5.0 mmol ), BOP 
( 3. 3 g, 7. 5 mmol ). M)x^;U7 5> ( 1.75 mL, 12.5 mmol )?:ilP^. 2^ 

UBiico.^^xfmm'ki^Tif.xm^mwLtz. ^TKMgso, x-^m^^. mm. 

ijYjV-^ n-^ h^^y ^- ( CHCI3 / Me0H=99 / DxmU 

MiB^b^!^ 1.403 g ( 62% )^m^mntbxmz, 

Rf= 0.83 ( CHCI3 / MeOH= 9 / 1) 

Xm2 H-L-Phe-D-Pro-OtBu 

Z-L-Phe-D-Pro-OtBu (1.403 g, 3.1 ramol ) iPd-C^FS \,^xmWL^. ^MM 
TCtwct •JZ»5:|^5fel//c. 10^K£jS?:tTV^. Vd-C^mj^iymWt^^mW:. 4% 



CHAP15 
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g, ( 86% )^mz. 
Rf= 0.50 ( CHClj / MeOH= 9/1) 



PCT/JPOO/01141 



Xig3 Z-Aib-L-Phe-D-Pro-OtBu 

H-L-Phe-D-Pro-OtBu ( 0.853 g, 2.68 mmol )i:Z-Aib-OH ( 954 mg, 4.02 

n^hi^^'yy^- ( CHCI3 / Me0H= 99 / DT'H^L, mBit-^m.ZZ g 
( 85% )imz. 

Rf= 0.75 ( CHCI3 / MeOH= 9/1) 

XS4 H-Aib-L-Phe-D-Pro-OtBu 
Z-Aib-L-Phe-D-Pro-OtBu ( 1.23 g, 2.28 mmol )i?d-C^m^^Xmm.^. 

4%NaHC03-ett»ffiUB1fKx5^;H::«iajU/c. «ldJ^«rNajC0,-e|g«m, MH. 
ISIfafb^l^O. 726 g, 1.80 mmol ( 79% )«:^f/c. 
Rf= 0.50 ( CHCI3 / Me0H= 9/1) 

XS5 Boc-L-Asu (OBz 1 ) -A i b-L-Phe-D-Pro-OtBu 

H-Aib-L-Phe-D-Pro-OtBu ( 0.726 g, 1.80 mmol ) i:Boc-L-Asu(OBzl)-OH 
(1.02 g. 2.70 mmol.) ?:±iax@l®^rj£{l J: »J ifS^Lfc. 
OLi/ViJY)V^U^ h^^y^- ( CHCI3 / MeOH= 49 / DT-fSiiL. mUit 
^mBZ mg (72%)^t#/c, 
Rf= 0.71 ( CHCI3/ MeOH= 9 / 1 ) 

XS6 H-L-Asu(OBzl)-Aib-L-Phe-D-Pro-OH. TFA 

Boc-L-Asu(0B2l)-Aib-L-Phe-D-Pro-0tBu ( 993 mg, 1.30 mmol ) h U 7 
JVj^nmm (3 mL) §:^?^TT'inA. hoc&iS ^tFmE.Z/ ^JVx. 7s 7-)i^(Dmi: 
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JV (l:5)-CH'fkL, m^^^btz. :^iB'fk^!|a737mg. (78%) ^ntz, 
HPLC: Rt=8.66 min (column: Wako pak C4, 4.6x150 nun, 30-100% linear 
gradient 

CHjCN / 0.1% TFA over SOmin, flow rate 1.0 mL / min ) 

Xmi cyclo (-L-Asu(OBzl)-Aib-L-Phe-D-Pro- ) 

H-L-Asu(OBzl)-Aib-L-Phe-D-Pro-OH TFA ( 30 mg, 0.042 mmol )5rDMF 
( 400 inL) izmfm^-^. 0.1 MOmmztji^^vWL^btz, DMFM{::10% 
DIEA/DMF ( 0.3 mL. 0.17 mmol )fcJ:tfHATU (25 mg, 0.066 mmol ) ^iUX. 

7f^SfS?^^:jgi^U, ffifX5^;Ki}^g?$-y-, 10%i7x>K. 4%NaHC03fcJ: 

iS/U^-irOU^PT ( CHCI3 /MeOH=99 / DT'llSSiU, miiit-^ 

ms\ mg (61%) ^mtz, 
Rf=0.78 ( CHClj / MeOH=9 / 1) 

HPLC: Rt=18. 15 min (column: MS GEL C18, 4.6x150 mm 30-100% linear 
gradient 

CH3CN / 0. 1% TFA over 30 min, flow rate 1.0 mL / min ) 

1^8 cyclo (-L-Asu-Aib-L-Phe-D-Pro- ) 

cyclo ( -L-Asu(OBzl)-Aib-L-Phe-D-Pro- ) ( 151 mg, 0.256 mmol ) 5: ^ 

124 mg (97%) ^mtz, 

HPLC: Rt=6.32 min (column: Wako pak C4, 4.6x150 mm, 30-100% linear 

gradient 

CH3CN / 0.1% TFA over 30min, flow rate 1.0 mL / min ) 
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XMB cyclo (-L-Asu(NHOH)-Aib-L-Phe-D-Pro- ) 

cyclo ( -L-Asu-Aib-L-Phe-D-Pro- ) ( 124 mg. 0.248 mmol ) $:DMF (3 
mL ) C^^UitK?^T. \l\^U^-i/JV7 ^ yigmiU. ( 86 mg, 1.24 mmol ). 
HOBt HjO ( 57 mg, 0.372 mmol ). BOP (165 mg, 0.372 mmol )5:iPA, h U 
X5^;i/75> (0.24mL, 1.74 mmol )?:»L;^c. Zf^f^mW^. 
^blmltbfzO-h. LH-20 (2x85cm):^7A ('^mMF) CiUHI^L/c, 

HPLC: Rt=16.32 min (column: Wako pak C18, 4.6x150 mm, 10-100% linear 
gradient CH3CN / 0. 1%TFA over 30min,.flow rate 1.0 mL / min ) 
FAB-MS: m/z=516 ( M+H )+ 

iMMM 1 ) CHAP -54; cyclo ( - L-Asu(NH0H)-Acc5-L-Phe-D-Pro- 
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gradient CH3CN/0. 1%TFA over 30min,.flow rate 1.0 mL / min ) 
FAB-MS: in/z=542 ( M+H )+ 



(^JS#J2) CHAP -55; cyclo ( -L-Asu(NH0H)-Acc6-L-Phe-D-Pro- ) 




±iBCHAP-15<D^^?*{w!p L tz. 

HPLC: Rt=18.25 min ( column: MS GEL CIS, 4.6x150 mm, 0-100% linear 
gradient CH3CN/0. 1.%TFA over 30.min,.flow rate 1.0 mL / min ) 
FAB-MS: m/z=556 ( M+H )+ 
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(ll»J3) CHAP -71; cyclo ( -L-Asu(NH0H)-Acc7-L-Phe-D-Pro- ) 




HC/ 

HPLC: Rt=19.24 min ( column: Wako pak C18, 4.6x150 nun, 0-100% linear 
gradient CH3CN / 0. 1%TFA over 30 min, flow rate 1.0 mL / min ) 
FAB-MS: m/z=570 ( M+H )+ 
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(||5|^J4) CHAP -76; cyclo ( -L-Asu(NH0H)-Acc8-L-Phe-D-Pro- ) 




NH 

±iBCHAP-15©^fi5tj* cm U 

HPLC: Rt=18.72 min (column: Wako pak C18, 4.6x150 mm, 0-100% linear 
gradient CH3CN / 0. 1%TFA over 30 min, flow rate 1.0 mL / min ) 
FAB-MS: m/z=584 ( M+H )+ ' 



21 



wo 00/52033 PCT/JPOO/01141 

i^V&M5) CHAP -81; cyclo ( -L-Asu(NH0H)-2Ain-L-Phe-D-Pro- ) 




±IBCHAP-15©^^}*{I«l;^^L/c. 

HPLC: Rt=18. 20 min ( column: Wako pak CIS, 4.6x150 ram, 0-100% linear 
gradient CHjCN / 0. 1%TFA over 30 min, flow rate 1.0 mL / min ) 
FAB-MS: m/ 2=590 ( M+H )+ 
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i^tl&mB) CHAP -82; cyclo ( -L-Asu(NHOH)-lAin(f)-L-Phe-D-Pro- )(0 




±IBCHAP-15©^^?£{lSgD^^L7^c. (lAin(f){i. HffiM 7 ® lAin(s) ^ 

HPLC: Rt=16.26 min ( column: Wako pak C18, 4.6x150 mm, 0-100% linear 
gradient CH3CN / 0. 1%TFA over 30 min, flow rate 1.0 mL / min ) 
FAB-MS: m/z=590 ( M+H )+ 
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(mMmi) CHAP -83: cyclo ( -L-Asu(NHOH)-lAin(s)-L-Phe-D-Pro- )© 




±iacHAP-i5©^fies{'iPi;^^L./c. 

HPLC: Rt=17. 13 rain ( column: Wako pak C18, 4.6x150 mm, 0-100% linear 
gradient CH3CN / 0. 1%TFA over 30 min, flow rate 1.0 mL / min ) 
FAB-MS: m/z=590 ( M+H )+ 
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i^mmS) CHAP -91; cyclo ( -L-Asu(NHOH)- 2Ain-L-Phe-D-Pi 




±IBCHAP-I5©^^?£{ri^ D^fiJc U/c. 
HPLC: Rt=i9.07 min ( column: Wako pak C18, 4.6x150 mm, 0-100% linear 
gradient CHjCN / 0. 1%TFA over 30 min, flow rate 1.0 mL / min ) 
FAB-MS: m/z=604 ( M+H )+ 
(^iSfi?!j 9 ) CHAP -90; cyclo ( -L-Asu(NHOH)- Acc8-L-Phe-D-Pip-)©^ 




±IHCHAP-15©^^^{;m L tz. 
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HPLC: Rt=20.08 min ( column: Wako pak C18, 4.6x150 mm, 0-100% linear 
gradient CH3CN / 0. 1%TFA over 30 min, flow rate 1.0 mL / min ) 
FAB-MS: m/z=598 ( M+H )+ 
(^ 1 0 ) CHAP-86;cyclo(-L-Asu(NH0H)-D-Cha-L-Ile-D-Pip-), 
CHAP-87;cyclo(-L-Asu(NH0H)-D-Cha -L-I le-L-Pip-)©-^^ 




CHAP86 CHAP87 



Xm 1 Boc-L- 1 1 e-D, L-P i p-OBz 1 

Boc-L-Ile-OH 1/2 H^O (3.92 g, 16.8 mmol). H-D, L-Pip-OBzl HCl (3.57 g, 
12 mmol)fcJ:t?HATU (7.75 g. 18 mmoD^DMF (15 mL){I^g?$U. ^!K?^TEt3N 
(4.76 mL. 30 mmoi)«:iPx.. ^^MUX-mnbtz. SfS^5:2gj!im, fil^i^x^ 
Jl (120 mL)T-aajU. 10%i^x>gj7K}§^g, 4%NaHC037KM. tafa:fe^7t<T' 

^^i^^. yyyi/o.^U-7}^^77^- (3.5 x 20 cm, mmmU CHClj / 
MeOH=99 / DCi oTMSiUBoc-L-Ile-D, L-Pip-OBzl (5.90 g, 13.8 mmol. 
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Rf=0.50 (CHCI3 / MeOH=49 / 1) 
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XM2 Boc-D-Cha-L- 1 1 e-D, L-P i p-OBz 1 

Boc-L-Ile-D,L-Pip-OBzl (432 mg, 1 imiiol)$:TFA (3 mL){I^g?U. ?Jc?^T 
30^ML/;^c, SJCS^^rS^m. MJET^JiLH-L-Ile-D,L-Pip-OBzl TFA 
(638 rag, 1|X¥ \U%)^mtz, :Ltl^, DMF (5 mL) {C)gg?$1±. Boc-D-Cha-OH 
(326 mg, 1.2 mmoD'SiinA, Mv^T^f^T HOBt H^O (230 mg, 1.5 mmol.l.S 
S*), EtjN (0.52 mL, 3.7mmol, 3.7 ^*), BOP (663 mg, 1.5mmol, 1.5^ 

M^msv^mmnbtz. s-it^m^mrnvtz^. b^^x^;i. (loo 

7^y>>3.^0 X' (2.4 X 14 cm, MM^m CHCI3 / MeOH=99 / 
l){CJ:o'CJliSSLBoc-D-Cha-L-Ile-D,L-Pip-OBzl (565 mg, 0,96mmol,JR^ 
96%)7;i— A5Kt)'&»/c. 
Rf=0.27 (CHCI3 / MeOH=49 / 1) 

Xg3 Boc-D-Cha-L- 1 1 e-D, L-P i p-OH 

Boc-D-Cha-L-Ile-D,L-Pip-OBzI (565 mg, 0.96 ramol) 'SrMeOH (10 mDtl^ft? 
L, ?d-cmm (250.mg)?:iaA, 7K5gM^TT'15^F^}S}4i U^>i^*;Ux7.x>»l' 

m-km^btz, ?d-cmm^mj&btzWi. yieon^^s^LM^^mtx. boc-d- 

Cha-L-lle-D,L-Pip-OH (459 mg, 0.93 mmo I. B7%)y yt-A^!^i:%tz, 

Xg4 Boc-D-Cha-L- 1 1 e-D, L-P i p-L-Asu ( OBz 1 ) -OTmse 

Boc-L-Asu(OBzl)-OTmse (535 mg, 1.1 mmol, 1.2SM){C7jc?^TTFA (3 mL) 
^iQA.. 30^P^g^a-CSjCttLBocScO|^S?:*J^^d;o/c. TFAlg^m. UET^ 
*SLH-L-Asu (OBz 1) -OTmse TFA m^'^^mtz, Ctl5:DMF (5 mL){;-^g?$-ti:. 
Boc-D-Cha-L-Ile-D,L-Pip-OH (459 mg. 0.93 mmol) ?:iP A. i^V^T^K?^T 
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HOBt H2O (213 mg, 1.4 mmol.l.S S*), BOP (616 mg, 1.4 nunol, 1.5 

EtaN (0.48 mL, 3.5mmol, 3.7 ^m)^MX. ^^Vl5mmmnbtz, EJt^m 

^mmbtzm. i^^x^;i. mnDx-mt^b. io%^ji>m7mm. 4% 

g1fgEx^;U^®iLy$:, m^nm'^. 77yS/3.^DT ( 2. 4 x 

20 cm. mmmU cm, l MeOH = 99 / 1) (I i oTlil^ LBoc-D-Cha-L-I le- 
D,L-Pip-L-Asu(OBzl)-OTrase (813 mg, 0.93 mmol, W miYlll^'^^^^tz. 
Rf=0.20 (CHClj / MeOH=49 / 1) 

Xg5 H-D-Cha-L-Ile-D,L-Pip-L-Asu(OBzl)-OH TFA 

Boc-D-Cha-L-Ile-D,L-Pip-L-Asu(OBzl)-OTmse (813 mg, 0. 95 mmol) %DMF 
(2 mL){r^g?L. IM tetrabutylammonium fluoride THFjg^ (4 mL, 4 mmol, 
4^ft)$:in;^^iaT-304J-S5teU/c. SiS^'&fiiffiL/cm, 10%>x>K2K?§j« 
^riDAT. iltttlL/fc^. B¥Kxf=-;Kioo mDT-fl&aU/c. B^gjx^;i/M'g:ia 

Boc-D-Cha-L-Ile-D.L-Pip-L-Asu(OBzl)-OH (696 mg, 0.91 mmol, 
M ^l%)-^%tz, Boc-D-Cha-L-Ile-D,L-Pip-L-Asu(OBzl)-OH (696 mg, 0.91 
mmol){Ci!K?&TTFA (5 mL)$:iPx, 30^^^ja-C'&SUBoca(D|g^^'S:*j::/j:c 
/c. TFAIJSm, x-^;U-5?Ax— r;i/ (l : 10)'&iP AHfk^-y:. jgflx, l^E 
Tf^Jib, H-D-Cha^L-Ile-D,L-Pip-L-Asu(0B2l)-0H TFA (752 mg, 0.91 mmol, 
M l00!K)$:»/c. 

XS6 eye 1 0 (-L-Asu ( OBz 1 ) -D-Cha-L- II e-D, L-P i p-) 

H-D-Cha-L-lle-D,L-Pip-L-Asu(0B2l)-0H TFA (752 mg, 0.91 mmoD'&DMF (5 
iiiL){C^iPt. •€-©F'3l mL%DMF (455mL, 0.4 mM)CAtl. HATU (104 mg. 1.5 
^ft). DIEA(0.63 mL, 4^S)(DDMF (10 mL)v^^ 1 mL ^iP;^. giST'lBtP^ 

g1fi?x^;i/ (100 mL)-CttaiL. 10%i?x>K7K}#5t. 4%NaHC032K?i3t. 
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^^btz, m^^m^ik. '7'7vv=L^u^Y<f'7y>{- (2.4x40 cm, 

CHClj / MeOH=99 / Ddck oT^MItlWMbcycloC-L-AsuCOBzD-D-Cha- 
L-Ile-D-Pip-) (90 mg, 0.14nunol, IR^ 18X)> cyclo(-L-Asu(OBzl)-D-Cha- 
L-Ile-D.L-Pip-) (200 mg. 0.31 mmol.lR^ 403;) 
eye 1 0 ( -L-Asu ( OBz 1 ) -D-Cha-L- 1 1 e-D-P i p-) 
Rf=0.45 (CHCI3 / MeOH=9 / 1) 

HPLC : Rt=19.40 min (column : wakosil 5C4, 4.5 x 150 mm, 37-lOOX linear 
gradient CH3CN / 0.13; TFA over 30 min) 
eye 1 0 (-L-Asu(0Bz 1 )-D-Cha-L- 1 1 e-L-P i p-) 
Rf=0.45 (CHCI3 / Me0H=9 / 1) 

HPLC : Rt=16.80 min (column : wakosil 5C4, 4.5 x 150 mm, 37-1003; linear 
gradient CH3CN / 0. U TFA over 30 min) 

IMI cyclo(-L-Asu(OH)-D-Cha-L-Ile-D-Pip-), 
eye 1 0 ( -L-Asu ( OH ) -D-Cha-L- II e-D, L-P i p- ) 
eyclo(-L-Asu(OBzl)-D-Cha-L-Ile-D-Pip-) (90 mg, 0.14 mmol), cyclo(-L- 
Asu (OBz 1) -D-Cha-L- II e-D, L-P ip-) (200 mg. 0.31 mmol)«:^tl^nMeOH (5 
mL). MeOH-DMF (10: l){::^filL, Pd-CftlliK (250 mg)?:iinA, im^MT^-Q 
15i^raf^U^V'>*;l/X7.x;l'a?:l^5feL>b, ^(i-Zmk^Wk\^td$L. 

cyclo(-L-Asu(OH)-D-Cha-L-Ile-D-Pip-) (76 mg, 0.14 
mmol,JiX^ 853;). cyclo(-L-Asu(OH)-D-Cha-L-Ile-D,L-Pip-) (170 mg, 0.31 
mmoI,IR^ 993;)^:^§yh. 
eye 1 0 (-L-Asu(OH)-D-Cha-L- 1 le-D-P i p-) 

HPLC : Rt=12.64 min (column : wakosil 5C4, 4.5 x 150 mm, 37-1003; linear 
gradient CH3CN / 0, \% TFA over 30 min) 
eye 1 0 (-L-Asu ( OH ) -D-Cha-L- 1 1 e-L-P i p- ) 

HPLC : Rt=9.48 min (column : wakosil 5C4, 4.5 x 150 mm, 37-lOOX linear 
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gradient CH3CN / 0. 1% TFA over 30 min) 
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XmS eye 1 0 ( -L-Asu (NHOH) -D-Cha-L- 1 1 e-D-P i p- ) , 
cyelo(-L-Asu(NHOH)-D-Cha-L-I le-D, L-Pip-) 
cyclo(-L-Asu(OH)-D-Cha-L-Ile-D-Pip-) (76 mg, 0. 14mmol,), cyclo(-L- 
Asu(OH)-D-Cha-L-Ile-D,L-Pip-) (170 mg, 0.31 mmol.)^. ^tl^nOMF (3 
mDlzmULs HOBt HjO ilDim : 32 mg, 0.21 mmol, 1.5SM. LDLD.LDLL 
mixture^: : 71 mg, 0.47 mmol, 1.5 ^4). NHzOH HCl (LDLDf*: : 49 mg, 0.70 
nunol, 5^1:. LDLD.LDLL mixture^ : 108 mg. 1.6 mmol. 5 ^M)'^iJaX. ^ 
?^TBOP (LDLD<*: : 93 mg, 0.21 mmol, 1.5^*, LDLD.LDLL mixture^*: : 206 
mg, 0.47 mmol, 1.5^ft),Et3N (LDLD#; : 0, 12 mL, 0.84 mmol, 
LDLD,LDLL mixture^ji: : 0.20 mL, 1.86 mmol, 6 ^*)^iP^, mmMWLtz. 
KUt^mj^. ^^U/cEtjN HCl'SriijgLDMF'grfl^Lyt^. LDLDf*:{iSephadex 
LH-20 (2.4 X 85 cm, m?)YJV^miJ'^ M,tZXmU. ?$l^$giaUeyclo(-L- 
Asu(NH0H)-D-Cha-L-Ile-D-Pip-)(20 mg, 0.035 mmol) LDLD,LDLL 
mixture{^:(i. i>SOMe0H{I?g*> UHPLC( column : YMC-Pack C8 10 x 250 mm, 
373; CH3CN/ 0A% TFA)^:fliV^T||S^L. 5*i^$gJi Ucyclo(-L-Asu(NHOH)-D- 
Cha-L-Ile-D-Pip-)(27 mg, 0.047 mmol, MS 100%), cyclo(-L-Asu(NHOH)-D- 
Cha-L-lle-L-Pip-)(51 mg, 0.090 mmol,|i6jS SZ%)^%tz, 
eye 1 0 ( -L-Asu (NHOH ) -D-Cha-L- 1 1 e-D-P i p- ) 

HPLC : Rt=21.34 min (column : wakosil II 5C18, 4.5 x 150 mm, 10-100% 
linear gradient CH3CN / 0.1% TFA over 30 min) 
eye 1 0 (-L-Asu(NHOH)-D-Cha-L- 1 1 e-L-P i p-) 

HPLC : Rt=18.79 min (column : wakosil II 5C18, 4.5 x 150 mm. 10-100% 
linear gradient CH3CN / 0.1% TFA over 30 min) 
FAB-MS (2.2'-dithiodiethanol) : m/z=564 [M+H]+ 
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i^mmil) CHAP-84;cyclo(-L-Asu(NH0H)-D-Cha -L-Leu-L-Pip-), CHAP- 
85:cyclo(-L-Asu(NH0H)-D-Cha -L-Leu-D-Pip-)0^^ 




CHAP84 CHAP85 

mmm^'r ^ ^ ^ \^(D'^mt, ^mm i o cchapss, chaps?) izmi^xn 

-ofz., tztiLs Boc-L-Leu-D,L-Pip-OBzl©-&jStw-:>V^t:{±, BOP^Ig (1.5 S 
fi). HOBt H^O (1.5^*)«:ffiVNyb. 

eye 1 0 (-L-Asu (NHOH) -D-Cha-L-Leu-D-P i p-) 

HPLC : Rt=20.89 min (column: wakosil II 5C18, 4.5 x 150 mm, 10-1003J 
lineargradient CHjCN / 0. U TFA over 30 min) 
eye 1 0 (-L-Asu (NHOH) -D-Cha-L-Leu-L-P i p-) 

HPLC : Rt=18.33 min (eolumn : wakosil II 5C18, 4.5 x 150 mm, 10-lOOX 
linear gradient CHjCN / 0.1% TFA over 30 min) 
FAB-MS (2,2'-dithiodiethanol) : m/z=564 [M+H] + 
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{^Mmi2) CHAP-78:cyclo(-L-Asu(NH0H)-D-Cha-L-Cha-L-Pip-). CHAP- 
79 ; eye 1 o (-L-Asu (NHOH)-D-Cha-L-Cha-D-P i p-) © 





CHAP78 CHAP79 

mm^'r V^^Zf^ KtD^^tt. mH&m l O (CHAPSS, CHAP87) (lipbTtf 
•otz. tztlL. Boc-L-Cha-D,L-Pip-0Bzl©■&^{I-:3V^■r{is DCC (1.3^M). 
HOBt HjO (l.SS*)?:^^;. 
eye 1 o (-L-Asu (NHOH) -D-Cha-L-Cha -D-P i p-) 

HPLC : Rt=26.20 min (column : wakosil II 5C18. 4.5 x 150 mm, 10-lOOX 
linear gradient CH3CN / 0.1% TFA over 30 min) 
eye 1 0 (-L-Asu (NHOH) -D-Cha-L-Cha -L-Pi p-) 

HPLC : Rt=23.36 min (column : wakosil II 5C18, 4.5 x 150 mm, lO-lOOJ! 
linear gradient CH3CN / 0.1% TFA over 30 min) 
FAB-MS (2,2'-dithiodiethanol) : m/z=604 [M+H] + 



iU^m 1 ) MHC class - I^i-^^miSiirgtt 

:^m^M<0m^Thy^Zf^\^mmW(0^-r^ MHC class- I^^^i^Sit^ 

mm(om^7- h y ^zf^ \^mmi^twm-^-^6 z tx\ mhc class- i^^§^ 
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l/<DMSO{rj§jS?U, ^JK5 mg/ml (16.54 mM) ©MJ^F^tl^SiUyb. hUnT. 
i5?^>Ali. HT. h>xT-fef-7— tfi^^ffi^rgl^dSBI-'SMHC class- I^J- 

■Cfflv^SDMSOIi. *IS@^tIfcH^T:f Rlig6*i{ilg^*/^igA-r-5C 

mmb. ^mi\^tzf)±m(D^m2oo;i\fpx\ 2 4mmi^mbtz'^. ^mit^ 
^(Dmmmpfx^m^mmzi^mbtzmiOfii-kmmL, §itMt7 zmmmm 

L/C. ^well?:PBS CJ^iEiSW^) T'-lHl?a?*U, 

@^u/:*fflflS^ffi{i^i^LT:v>sMHc class- i^^cDSii. i;ky(D:^mxm 

^lyfz. -^S^iKi^tLX. ■7'i7 7.CDMHC class-I^^^tl^^r-rSiaflJ-e&SJJiH- 
ZKWta^: (j^m^a ; ^m^\ r-TXijo^tLx. Mti^yitm-^^y 

^•\±fz. ±m<D:&mxm^^'^titzmm$-i7y^h-y^—^'m^. mnti^x. 

4-methylumbelliferyl-/3-D-galactoside (T^ISS, : M^T^i" iJ ^ -r y -^7 ) 
mmKJ^^(0^^mzBm'r?>m%^m (la^ : SeSnm. : 450nm) 
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rJ^^ > K ®7jcm?:^U 51 v^/l fit's:, IgmUTV^SMHC class- 1:5^^*?: S 

L-CV>SMHC class- I^^4©?i^ffi'S:aJiMtL/c. ^S-MS^^b^l^Oi^iPig 
fimLTV^SMHC class- IdiJ-^SJi, B!lE©»lifit'fe 1 i^-TSia 

MfitT'^u. ^mt^wm^^mimm.^~i§izi&M'r?>wim (Cx2) -eik 

w©Sl {l^-r^:bt-r h^'^y^h'fiMnt.MHC ciass-l4i"^©fim(Sai?Sft 







CHAP15 


33.2 nH 


CHAP54 


5.67 nM 


CHAP55 


5.38 nM 


CHAP71 


2.76 nM 


CHAP76 


1.88 nM 


CHAP78 


2.35 nM 


CHAP79 


2.79 nH 


CHAPS 1 


1.29 nM 


CHAP82 


2.69 nM 


CHAP83 


2.29 nM 


CHAP84 


5.65 nM 


CHAP85 


2.26 nM 


CHAP86 


3.29 nM 


CHAP87 


5.39 nM 


CHAP90 


3.96 nM 


CHAP91 


2.48 nM 
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i^Wl 2 ) histone deacetylasepl^PI^fSfe 

7 ^ y ^ hMb^ C i 5 1 7. h > T 7 -tr 5^ 7 — tf CD ^Stt Eif lij: S i: 

tT. h>-r7-fe^7— lf©|||gi{i&*fl*l{I{i^Ba'b (J. Biol. Chem.265. 
17174-17179, 1990) ©:&^{-$£oTff ofc. ii^{iB16/BL6aiJi&**t>gP^MI!i 
U/bt^CD'fe^SfflU/c. iiifflJia'&HDA buffer (15 mM V>miJV^A. S^i/U-trD 
— 0.2 mM EDTA, 1 niM 2-mercaptoethanol , pH 7.5) {I^SL. Ti-^'O/i- 
-rXLT^cm, m^^X-mtrntb (2500Xg, lOmin) , 1 M (NH,)jS04?:^t»»lll 

(NH,)jS04igS 5:3.5 M*t?±#$-y:, HT. h >-r7-b^7— fer'SrtfclS^-ar/c. 
COMI^^rHDA buffer{I#j§g|L. y;l/iSjiT*HDA buffer (C}#ii2^mu, S 
histone deacetylaseP^jiSi: L/Tfflv^yh. 

&WtLX. K ; ['H]acetylated histone H4 peptide 5: ffl 

Z.(D['H]acetylated histone H4 peptideli. 1 7. h >H4(DN*^y-^ 
H : SGRGKGGKGLGKGGAKRHRKVC (C*(I{i^^7.-r-l' V^rOttT^S) «:^fiStU, 
3H-MzKBt^T-tt5(l*7-t^;WbL, SKi: L-CfflvN/c. 

7 -t (ilft g^^b^!}^© #^£T, -^J^JcaS^S t mmWL ^ 37'C T-3^K ^ > 
=L^-h-r^Z.t.iZj^On^tz (SM«100aiI) . S{S:?:25m101M HCl, 

it-r, IHb^ft^rfro/c, a^?Stt(i, #M{;fc{-t-5histone deacetylase 
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m2 







CHAP 15 


5. 17 nM 


CHAP54 


3.02 nM 


CHAP55 


2 19 nM 


THAPTl 


2 14 nM 


fHAPTfi 


? nM 


rHAP7R 

Unni 1 o 


'\ nM 

O. OO llul 








0 Qftn nM 




1 19 nM 

I, l£* Urn. 


CHAP83 


1 95 nM 
X ^ \j \j 111*1 


CHAP84 


2.22 nM 


CHAP85 


1.96 nM 


CHAP86 


3.14 nM 


CHAP87 


1.98 nM 


CHAP90 


2.75 nM 


CHAPS 1 


1.20 nM 



S©-e, H?ia©MHC class-I4i-^-^miSji#ffl?:jpJfflUT. J: SJiiM 
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ft * ® 15 BI 
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(I'") {Cfcv>T{i. R„. R,2. R2,&trR22©i!?/j:< l-:>(it/j7D/s#:iy;i/ 
^f-^m-C'^S. ) 

3 . iyia-jK^ ( I • ) -e^^nsfis^]® i ia«®]SJbt-r b ^'^y^^ \imm 

4. miiE-is:^ (I") v^-$ti^m^mitm(om'^'rhy^y^\^mm 

5. Btffa-«9!^ CI'") x-^-$p,^miS(mium(D^^'rh^^zf^\^m 

7. fS^JSl ~5CDHn*^{3sam®^J|^xb^'^:^^b'ijl^{*;3Z.li^-(D^# 
6*J{wi^S$n6ifi$:#^fiS;5J-il UT^WrSMHC class- l^^^mffiM. 
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